Body composition as estimated by a one-or two-compartment deuterium oxide dilution technique was compared with directly measured body composition of 15 large-and 15 smallframe steers. Body composition of the steers was measured at 219, 412 and 603 kg live weight. Empty body protein was overestimated (P<.05) 3.6% from a one-compartment model (1CM, using the slope, intercept method), while empty body protein was underestimated (P<.05) 5.4% from a two-compartment kinetic model (2CM). Empty body ether extract estimated by 1 CM was not significantly different from the direct method, although 4.7% larger. Empty body ether extract was overestimated (P<.001) 32.2% by the 2CM. Empty body water was accurately estimated from the 1CM when a 3.2% correction factor was used for the overestimation of total body water by the 1CM, but water in gastrointestinal tract contents was overestimated (P<.001) 13.4% by the 1CM. Empty body water was underestimated (P<.001) 7.8% by the 2CM, and water in gastrointestinal tract contents was overestimated (P<.001) 41.8% by the 2CM due to its dependence on regression equations that differ between groups of cattle. The 2CM offered no advantage over the 1CM. A three-compartment model was not better than the 2CM in estimating body water compartments. Assuming the amount of empty body water associated with either empty body protein or ash to be 
Introduction
Several dilution techniques have been used in attempts to obtain relatively precise measurements of live animal body composition. The basic theory involves injecting a known amount of a substance, which meets the qualifications of a biological tracer, into the body. Total body water is estimated from dilution of the tracer after it has equilibrated with body water. Water labeled with deuterium or tritium has proven to be an excellent biological tracer for this technique (Sheng and Huggins, 1979) . With the development of more precise techniques for measuring deuterium oxide (D20) (Byers, 1979a) , its advantage of being a nonradioactive isotope has made it the more favored tracer.
Application of this technique in ruminant animals has been complicated by the water in gastrointestinal tract contents, which contains a large amount of water in contrast to nonruminant animals. The quantity of water in the gastrointestinal tract contents of ruminants also varies due to dietary, environmental and animal differences. Because tissue water is predominantly associated with lean body mass (Sheng and Huggins, 1979) , set relationships between empty body water and empty body protein, fat and ash have been used to calculate the quantities of protein, fat and ash in the empty body 1188 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 5, 1985 (Byers, 1979b; Loy, 1983) . Because D20 readily passes into the water in gastrointestinal tract contents, a major error is introduced in the estimation of empty body composition if total body water is assumed to be equal to empty body water.
Three basic approaches have been used to develop mathematical models for determining body water after injection of the tracer. The first approach entails a single blood sample after equilibration has been reached (Panaretto and Till, 1963) . Body water is calculated by dividing the amount of tracer injected by the concentration of tracer in water obtained from the blood sample. In practice, the time of sampling has ranged from 6 to 16 h after tracer injection and has involved many pre-and post-injection fasting regimens. This approach does not take into account the half-life of water in the body.
In the second approach (Robelin, 1975) , several blood samples are taken after equilibrium is reached, and the concentration of tracer in body water at time of injection is estimated by extrapolation. This approach accounts for irreversible loss of body water and provides a more accurate measure of total body water. A predictive equation, however, must be used to estimate the amount of water in gastrointestinal tract contents.
The third approach (Byers, 1979b ) is based upon concentration of tracer in body water before and after equilibrium and is best described as a two-compartment kinetic model. The assumption is that the dilution curve derived from the serial sampling allows differentiation of two distinct distributions of body water. In this case, the two compartments are taken to represent water in the empty body and gastrointestinal tract.
Mathematical relationships between body water and protein, fat and ash are needed for calculation of each of these body components from the estimate of empty body water.
The objective of this study was to evaluate the use of single-and multiple-compartment models of water dilution, by using D20 as the tracer, for determining empty body composition of live beef steers during growth and finishing. A second objective was to combine the body composition measurements obtained in this study with reported measurements presented in the literature to evaluate the constancy of relationships of empty body protein, ash and fat with empty body water.
Materials and Methods
Thirty weanling crossbred steers consisting of 15 large-frame and 15 small-frame animals, were allotted to one of three slaughter groups, 6, 12 or 18 mo of age, with five steers of each frame size in each slaughter group. Designation as large or small frame was based on hip height measurements, birth weight and breed of sire. Average breed composition of the large-frame steers was 36% Angus, 34% Simmental, 11% Hereford, 6% Brown Swiss, 4% Holstein and 9% other breeds. Average breed composition of the small-frame steers was 46% Angus, 26% Jersey, 13% Hereford, 5% Holstein, 3% Simmental and 7% other breeds. All steers were grown on a 25% alfalfa haylage (IFN 3-00-221), 75% corn grain (IFN 4-02-931) diet (81% total digestible nutrients), balanced with proper protein and mineral supplements. When a slaughter group attained the designated age, they were transported to a different facility and adapted for at least 2 wk before starting D20 dosing.
Deuterium oxide was injected via a jugular catheter and followed with a 20-ml physiological saline flush. A dose approximating .20 g D20/kg of live weight was administered, with the actual dose determined by weighing the syringe to the nearest .01 g before and after injection. A 3-ml waste volume was withdrawn to clear the cathether before each 10-ml sample was drawn. One blood sample was taken before the D20 was injected. The sampling schedule after injection of D20 for the 6-mo slaughter group was 9, 12, 15, 20, 25, 30, 40, 50, 60, 90 rain and 2, 4, 8, 24, 48 and 72 h. The sampling schedule for the 12-mo slaughter group was similar except that samples were taken at 2, 4, 6 and 10 min instead of 9 and 12 rain. The sampling schedule for the 18-mo slaughter group was 2, 4, 6, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100, 120, 150, 180 rain and 4, 5, 6, 8, 12, 16, 24, 36, 48, 60 and 72 h. The exact time each sample was drawn was recorded. Excess feed was removed in the evening approximately 12 h before D20 dosing the next morning. Steers were allowed access to water until just before the D20 injection, and allowed access to both feed and water after the 4-h sample. The steers were weighed five times, starting the day before injection and continuing daily through the 72-h sampling. These weights were obtained approximately 12 h after feeding and averaged to provide a shrunk live weight measurement. Blood samples were placed in dry, heparinized screw-top culture tubes and stored at 5 C until analyzed. Water containing D20 was isolated from blood samples by vacuum sublimation as described by Byers (1979a) , and D20 concentration was assayed by infrared spectrometry as described by Byers (1979a) with modification of an automated sampling system (Ferrell and Philips, 1980) .
Steers were slaughtered at the Iowa State University abattoir after the 72-h sampling. They were exsanguinated after being stunned with a captive-bolt gun. The steers were separated into a carcass portion, a noncarcass portion and gastrointestinal tract fill. The noncarcass portion consisted of blood, hide, viscera (including internal organs and gastrointestinal tract with contents removed), head, feet and tail. These parts were weighed at time of slaughter and frozen. Frozen parts were sawed into strips, ground through successively smaller dies ending with a 6.4-mm die, and representative aliquots (15% of each part) were combined for chemical analysis. The carcass portion was split in half with the right half being separated into fat, edible tissue and bone. These tissues were ground through successively smaller dies ending with a 6.4-mm die, and representative aliquots (5% of each tissue) were combined for chemical analysis. Gastrointestinal tract contents were mixed and sampled for determination of dry matter.
All carcass and noncarcass samples were freeze-ground with liquid nitrogen in a blender for subsequent chemical analysis. Percentage dry matter was determined by lyophilization. The Kjeldahl method (protein = nitrogen x 6.25) was used for protein (CP) determinations. Fat (EE) was measured by extracting the samples with diethyl ether for 12 h by using a Goldfisch extraction apparatus. Ash content was derived by combustion in a muffle furnace at 600 C for 4 h.
A single-compartment model described by Loy (1983) was used to estimate body composition of the cattle. These equations and their sources are presented in table 1. Blood samples taken later than 5 h after injection of D 20 were used to estimate zero time concentration of D20 because the inflection point of the disappearance curves occurred at 3 to 4 h. Equations used in the calculation of empty body composition from a two-compartment model were those presented by Byers (1979b) in which blood samples taken 20 min and later were used in a curve-peeling process to calculate the two-compartment model. Notation used to represent kinetically estimated results from a two-compartment model are: QA (kg empty body water), QB (kg water in gastrointestinal tract contents) and OAr [kg empty body water as calculated from a regression equation developed by Byers (1979b) to adjust the two compartment estimate of empty body water].
A three-compartment model was calculated according to Shipley and Clark (1972) the D20 was considered to have been injected into compartment one, the only exit from the system was from compartment one, the only entry of water into the system was into compartment three and equilibration occurred between compartments one and two and one and three. The model was conceived to consist of extracellular water (compartment one), intracellular water (compartment two) and water in gastrointestinal contents (compartment three). A nonlinear least-squares fitting routine (SAS, 1982a) was used to derive three-compartment exponential equations for the steers in slaughter groups two and three. A lack of enough early-sampling-times for group one made these data not suitable for fitting a three-component curve.
Differences in average daily gain (ADG), live weight and composition within frame sizes as well as differences between estimates from three-component models and directly measured composition were compared for statistical significance by Student's-t-distribution (tables 2, 3, 4 and 5). Analysis of variance was used to examine differences in composition between methods of estimation of composition and to evaluate the constancy of the relationship of empty body protein or ash to empty body water (CP:H20 and ash:H20 ratios, respectively). The model used included age group as a second class variable in addition to one of the other variables, and the interaction of the two variables (tables 6 and 7). Empty body composition of one steer slaughtered at 6 mo as calculated by both the one-and two-compartment models was discarded because a twofold overestimation of empty body water occurred.
Body composition of one steer slaughtered at 18 mo also was discarded for the two-compartment model due to an eightfold underestimation of empty body water. The reasons for abnormal equilibration curves that caused low-time-zero intercepts in the steer in the first group and high-time-zero intercept for the steer in the third group are unknown. These values were either considered as missing data (table 6) or were disregarded (table 5). Linear regression was used to develop relationships between variables and to measure the correlations with each other. Weighted linear regression analysis and weighted means were utilized to evaluate the CP:H20 and ash:H20 ratios (table 8) . The computerized package of SAS (1982a,b) was used to perform these statistical comparisons.
Results
The large-frame steers had a greater (P<.01) average daily gain than the small-frame steers (table 2) at each age group, which resulted in heavier (P<.01) live weights in the large-frame steers. Rate of gain decreased 34% between 12 and 18 mo of age. This depression in growth may have been caused by the severe winter when this study was conducted, as well as the steers' approaching physiological maturity for muscle growth. Overall-average percentage ether extract of the empty body was greater (P<.05) in the small-frame steers (22.9% small frame vs 20.1% large frame) while percentage of water was lower (P<.05, 55.9% small frame vs 57.6% large frame). Overall-average percentages of crude protein and ash in the empty body were aData obtained during feedlot phase before D20 dosing. bData from 20 steers in 12-and 18-mo slaughter groups when 6 mo of age. Six-month slaughter group killed at start of feedlot phase.
CData from 20 steers in 12-and 18-too slaughter groups when 12 mo of age.
dData from 10 steers in 18-mo slaughter group before D20 dosing. **P<.O1. ***P<.001. Directly measured body composition had a higher correlation with body composition predicted by the one-compartment model than by the two-compartment model (table 6). The coefficient of determination (R 2) between the direct and D2 O methods for water, protein and ether extract ranged between .82 and .83 in the one-compartment model and .59 and .61 in the two-compartment model. The correlation with the direct method for ash was similar for both D20 models. The R 2 for gastrointestinal tract fill or water were higher for the one-compartment model (.74, .76, respectively) than for the two-compartment model (.20, .29, respectively) . The quantity of empty body water as determined from dilution of D20 by the two-compartment model (QA) was similar to that measured directly. Use of the regression equation in the two-compartment model (Byers, 1979b) to adjust QA resulted in a lower estimation of empty body water (OAr, 52.3%), which was lower (P<.001) than that directly determined (56.7%). Total body water was accurately estimated by the one-compartment model. In the two-compartment model, combining the underestimated amount of empty body water (OAr) with the overestimation of water in the Item ARNOLD ET AL. contents of the gastrointestinal tract (QB) produced an estimate of total body water that was similar to that measured directly. The comparison between the direct and two-compartment methods produced interactions (P<.05) between slaughter group and method of estimating body composition. This occurred for percentage empty body ether extract and water and for percentage total body water and gastrointestinal tract fill. Percentage ether extract was overestimated to a greater extent by the two-compartment model in lighter weight, younger steers, while percentage empty body water and gastrointestinal tract fill was underestimated to a greater degree in lighter weight, younger steers. Total body water was underestimated in the 6-mo group but overestimated in the 12-and 18-mo groups when compared with the directly measured amount. The only interaction (P<.05) that occurred for the one-compartment model was due to an overestimation of percentage gastrointestinal tract fill in the 6-and 18-mo groups, but not in the 12-mo group.
Other approaches to calculating the twocompartment model were tried. If the value for empty body water as calculated directly from the two-compartment kinetic model was not adjusted and if empty body weight, gastrointestinal tract fill and empty body fat were calculated as in the one-compartment model, then body composition estimated by the (SAS, 1982a) was used to derive two-compartment exponential equations instead of a curve-peeling process as described by Byers (1979b) . These equations resulted in greater errors in estimating empty body composition than equations obtained by the curve-peeling process. The nonlinear routine produced estimates of water in the contents of the gastrointestinal tract (QB, 13.1% of live weight) and empty body water (QA, 53.2% of empty body weight) that were less accurate than the estimates of the two-compartment model listed in table 6. While exact body composition was not accurately measured by the D20 methods, usefulness of the methods to detect relative differences in body composition was considered. A comparison of empty body composition between the large-and small-frame steers at 6 mo of age (table 5) was chosen because empty body composition did not differ between frame size at 12 and 18 mo of age (table 3) . One-and two-compartment models both predicted the direction and magnitude of differences in empty body composition (table 5), but the variation was greater than in the direct method. Thus, the degree of significance was lower for the one-compartment model than for the direct method. Body composition predicted by the two-compartment model was not different (P<.05) between frame sizes.
A three-component exponential curve more accurately described the disappearance curve of D20 in blood from the 20 steers in the 12-and 18-too age groups than a two-component exponential curve when sampling of blood started 2 rain after dosing with D20. The average mean square error for the 20 steers for a two-component exponential curve was 6.6 • 10 -4, while that for a three-component exponential curve was 2.2 x 10 -4. Estimation of body water by the three-compartment model is presented in table 4. The three-compartment model predicted percentage total body water to be 5.5% less (P<.06) than directly measured value. The sum of compartments one and two did not equal (P<.001) empty body water and compartment three did not equal (P<.001) the amount of water in gastrointestinal tract contents.
Discussion
The two-compartment model of Byers (1979b) has been used to estimate body corn- 00.
[--* position of beef steers (McCarthy et al., 1983a) , pregnant beef cows (Thompson et al., 1983) and lactating and nonlactating dairy cows (Martin and Ehle, 1983) . Ferrell and Jenkins (1984b) applied a similar two-compartment model to estimate body composition in nonpregnant, nonlactating beef cows. Twenty-three animals (four young calves, eight feeder steers, eight fat steers and three mature cows) were used by Byers (1979b) to develop a twocompartment model. Coefficients of determination of .96 were obtained when empty body water in the 23 animals, as measured directly, was correlated with empty body water estimated by either the two-compartment D20 method or specific gravity. When empty body water predicted by specific gravity was correlated to that predicted by the two-compartment D20 model, a .95 coefficient of determination was obtained. Byers (1979b) also compared the two-compartment D20 method with specific gravity of carcasses to estimate body composition of eight Charolais and six Angus steers and found the two methods to compare favorably. McCarthy et al. (1983b) using 31 steers compared Byers (1979b) two-compartment D20 method with specific gravity (Kraybill et al., 1952 ) and 9-10-11th rib section (Hankins and Howe, 1946) . Correlating percentage empty body protein as predicted by D20 with either specific gravity or rib section produced coefficients of determination of .53 and .52, respectively, while the coefficients of determination for percentage empty body fat were .28 and .50, respectively. Comparisons between specific gravity and rib section produced coefficients of determination of .35 for percentage protein and .23 forpercentage fat.
Problems with separating total body water into empty body water and water in the contents of the gastrointestinal tract using the two-compartment model are indicated in research reported by Martin and Ehle (1983) . Empty body composition in four cows estimated during lactation was similar to composition re-estimated approximately 10 d later after drying off the cows, with the exception of a 67% decrease in empty body fat and a 33% increase in gastrointestinal tract content water. Most of the change in fat content could be accounted for by the change in estimation of water in the gastrointestinal tract contents. Ferrell and Jenkins (1984a) used D20 dilution with a two-compartment model in 48 nonpregnant, nonlactating, 9-yr-old cows to develop prediction equations by regressing QA and(or) empty body weight against empty body composition (without head and feet), which was measured directly. Use of these equations did not accurately (P<.01) predict composition in the 30 steers from the present experiment (table 7) . Inclusion of empty body weight as an additional independent variable with QA improved the prediction of gastrointestinal tract fill and empty body ether extract. FerreU and Jenkins (1984b) used their equations (Ferrell and Jenkins, 1984a) to estimate body composition of a separate group of 48 cows. Their results indicated that, under submaintenance or near-maintenance levels of energy intake, cows deposited body fat and lost body protein, which seems to be an unlikely situation. Ferrell and Jenkins (1984a) found gastrointestinal tract contents and QB were not correlated [gastrointestinal tract fill (kg) = .23 QB + 94; SE slope = .13; SE intercept = 12; residual standard deviation (RSD) = 15.4; R 2 = .07]. These variables were not correlated in the present experiment [gastrointestinal tract fill (kg) --.29 QB + 20.7; SE slope = .09; SE intercept = 3.5; RSD = 8.5; R 2 = .28], but were correlated in the experiment of Byers (1979b) [gastrointestinal tract fill (kg) = .83 QB -3.1; R 2 = .74]. The divergence of these three equations indicates that gastrointestinal tract fill is not well predicted from QB and is subject to a large degree of variation among different diets and animals. These equations indicate the two-compartment kinetic model is measuring QB to be more than water in gastrointestinal tract contents. The relationship between QA and directly measured empty body water was highly correlated in all three experiments, but predict different values (table 6) and have different slopes as suggested by the standard errors of the slopes. These relationships were: Byers (1979b) , EBH20 (kg) = 1.038 QA -17.92 (RSD = 10.9; R 2 = .96); Ferrell and Jenkins (1984a) , EBH20 (kg) = .773 QA + 27.4 (SE slope --.035; SE intercept = 10.3; RSD --11.0; R 2 = .92) and from the present experiment, EBH20 (kg) = .869 QA + 20.4 (SE slope = .047; SE intercept = 9.5; RSD = 17.2; R 2 = .93). It is evident the two-compartment kinetic model, while theoretically an improvement over the one-compartment model because of its separation of total body water into water in the contents of the gastrointestinal tract and empty body water, did not accurately describe the equilibration process of water in the ruminant and did not relate to these anatomical water compartments. The use of regression equations to adjust this error to the proper values seems to be subject to enough variation between groups of animals that this approach makes the two-compartment model of no greater value than the one-compartment model in predicting body composition.
A three-compartment model would be expected to be potentially more accurate than a two-compartment model, however, this was not true. In the present experiment, no measurements of extracellular and intracellular water volumes were made. Degen and Young (1980) measured the extracellular, intraceUular and reticulo-rumen water in sheep to be 41, 45 and 14%, respectively, of total body water. Only the intracellular compartment (table 4) was similar to their results. Correlating carcass crude protein and the volumes of compartments one, two or three produced correlation coefficients of .05, .56 and .03, respectively, indicating compartment two was more related to carcass protein (thus muscle) than the other compartments, but this relationship is too low for predictive value. Equations developed by Odwongo et al. (1984) , predicting body composition from a three-compartment model, were applied to the 20 steers. Underestimation (P<.001) of total body water (18%), gastrointestinal tract fill (13%), empty body crude protein (27%) and ash (27%) occurred. . Empty body water was underestimated (P<.05) by 9% while empty body fat was overestimated (P<.001) by 40%. While these equations were developed with four dairy bulls and 10 lactating dairy cows, the magnitude of error raises concern about using regression equations to adjust a model that does not adequately describe the water equilibration process. More data on the movement of water in the ruminant animal need to be obtained before such models can be developed to predict body composition.
For the present, the one-compartment model offers a means of making repeated measurements of body composition of an animal. Limitations in use of the one-compartment model are errors involved in estimation of water in gastrointestinal contents and gastrointestinal tract fill. If experimental treatments applied to cattle do not affect gastrointestinal tract fill or the amount of water in the contents, the one-compartment model should enable relative changes in body composition to be determined. Nagy and Costa (1980) discussed some sources of errors in using isotopes to measure water fluxes in animals that are pertinent to measuring total body water. In the 30 steers used in the present experiment, overestimation of total body water was 6.9%, whereas 3.2% overestimation was observed by Robelin (1982) and 7.6% by Pfau and Salem (1972) . The degree of overestimation was higher when a single blood sample was used to calculate total body water (12%, Bird et al., 1982; 15%, Carnegie and Tulloh, 1968; 16%, Meisner et al., 1980; 20%, Little and McLean, 1981) . Culebras and Moore (1977) calculated that the possible maximum upward distortion of total body water estimation was 5.22% due to exchangeable hydrogen, but concluded, based on rat studies, that the actual error due to nonaqueous exchangeable hydrogen is less than this maximum. Panaretto and Till (1963) concluded, on the basis of values in the literature, overestimation due to exchangeable hydrogen was 3%. Sheng and Huggins (1979) stated in a review of studies dealing with body composition that exchangeable hydrogen can account for .5 to 2.0% of total body water.
Estimation of empty body protein and ash from empty body water is based on the assumption that relationships between water and protein and water and ash are constants. Sbeng and Huggins (1979) and Shebaita (1977) reviewed the constancy of water in the fat-free body for several species. The 73.2% water in the fat-free body seems to be true in general, but a lot of variation exists between different species (63% to 80%); less variation exists within a species. Evaluating the constancy of CP:H20 and ash:H20 ratios is the same as evaluating the constancy of water in fat-free tissue. If constant, these ratios enable calculation of protein and ash directly from an estimate of water. Carcass and empty body is composed of tissues that have different ratios of CP:H20 and ash:H20 (Arnold, 1980) . Thus, if different proportions of these tissues occur at different live weights or between breeds of cattle, these ratios may differ. In the 30 steers used in the present experiment, however, ratios of CP:H20 and ash:H20 of the empty body were not significantly different between large-and smallframe size steers. The CP:H2 O ratio did differ (P<.05) between slaughter groups due to the five large-frame steers in the 18-mo-old group having a high ratio. The ash:H20 ratio did not differ due to age.
The CP:H20 and ash:H20 ratios in the empty body were calculated from data presented by various researchers (Trowbridge et al., 1918 (Trowbridge et al., , 1919 Moulton et al., 1922 Moulton et al., , 1923 Haigh et al., 1920; Haecker, 1920; Ellenberger et al., 1950; Garrett and Hinman, 1969; Garrett et al., 1971; Simpendorfer, 1973; Foot and TuUoh, 1977; Williams, 1978; Arnold, 1980) and from the present experiment. These data represent body composition as measured by direct chemical analysis in 458 head of cattle, which range from fetuses to 7-to 9-yr-old cows and represent many different breeds. Because some experimenters reported data for individual animals while others for groups of animals, weighted means and weighted linear regressions were performed. It is clear that these ratios change after birth, but it becomes somewhat subjective when these ratios become constants. Criteria used to evaluate changes in protein and ash to water ratios due to empty body weight and age were degree of change of slopes from regression analyses between successive weight groups, statistical differences of the slopes from zero, regression R 2, degree of change of the ratios between successive weight groups, as well as change in intercepts between weight groups. The CP:H20 ratio increased 3 to 4% with either increasing age or empty body weight. The ash:H20 ratio increased 10% with increasing age but approached a constant of .0710 (SE = .0005) above 150 kg empty body weight. Effect of age on these ratios was more pronounced in cows that were several years old. Thus, linear regression analyses was performed after removing cattle that were older than 20 mo of age (table 8). After removal of cattle older than 20 mo of age, the CP:H20 ratio approached a constant of .3018 (SE = .0005) above 175 kg empty body weight and the ash:H20 ratio approached a constant of .0668 (SE = .0002) above 50 kg empty body weight. Values of the CP:H20 and ash:H20 ratios for cattle older than 20 mo of age obtained by linear regression were .3178 (SE = .0017; slope = 2.6 X lO-S; probability of hypothesis that slope is zero = P<.19; R 2 = .04) for CP:H20 and .0839 (SE = .0008; slope = -1.9 x 10 -s ; probability of hypothesis that slope is zero = P<.03; R 2 = .11) for ash:H20. These ratios are less reliable to estimate body composition of older cattle because of the three to four times larger standard error of these ratios and fewer cattle (85) were used to derive these ratios. There would seem to be some error in using a constant ratio to determine the empty body protein content of cattle having empty body weights of less than 175 kg. The CP:H20 ratios for cattle having an empty body weight between 75 and 175 kg can be calculated by the equation: CP:H20 ratio = (.00021)(empty body weight in kg -75) + .281. In this equation, average CP:H20 ratio (.281)for cattle between 75 and 100 kg empty body weight was assumed to be the value for cattle having an empty body weight of 75 kg, and the ratio of .302 was assumed to be the ratio at 175 kg empty body weight.
A regression of empty body fat vs empty body water was performed using data from the present experiment and data reported for individual animals (Trowbridge et al., 1918 (Trowbridge et al., , 1919 Haecker, 1920; Moulton et al., 1922 Moulton et al., , 1923 Ellenberger et al., 1950; Simpendorfer, 1973; Arnold, 1980) . The equation: percentage empty body fat = 94.27 -(1.267)(percentage empty body water); (SE slope = .013; SE intercept = .80; RSD = 1.25; R 2 = .98), resulted when cattle between the ages of 4 to 20 mo (173 head) were included. The addition of a quadratic component of empty body water did not improve the equation.
